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[57] 



ABSTRACT 



In an optical disk storing digital image information in the 
form of a succession of blocks, each comprising a plurality 
of frames comprising I-, P- and B-pictures, wherein an 
address format is pre formatted in front of the block of image 
information of said plurality of frames, and the data arrange- 
ment within each image information blocks is such that I- 
and P-pictures are collectively disposed. The position of the 
I-pictures within each block is shifted from one block to 
another. The I-picture data may be divided into fraction 
according to the position on the screen, the DCT frequency, 
or layering, and the fractional I-picture data may be arranged 
in the image information blocks, and a header or parity 
signal is recorded in front of each fractional I-picture data. 
With such a configuration, it is possible to increase the speed 
of fast playback, and realize smooth playback picture. 

19 Claims, 34 Drawing Sheets 
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SPECIALLY FORMATTED OPTICAL DISK FIG. 31 a diagram showing the conventional encoding 

AND METHOD OF PLAYBACK structure for the case where 17 pictures form one GOP. In 

FIG. 31 27 denotes an I -picture which is image information 

This application is a divisional of copending application f or which intra-frame DCT is effected, 29 denotes a 

No. 08/492,997, filed on Jun. 12, 1995 now U.S. Pat. No. s p.picture which is image information for which forward 

5,809,201, the entire contents of which are hereby incorpo- motion-compensated DCT encoding is effected using the 

rated by reference. I-picture or another P-picture (P-picture other than the 

BACKGROUND OF THE INVENTION P-picture for which the forward motion -compensated DCT 

~, . . . , . . ,. . , encoding is being effected) as a reference picture. 28 denotes 

The present invention relates to an optical disk and a „ . 4 ° r °, . , / , *, i^r^r- j- 

. j c a * i~ i f . | j • • 10 a B -picture for which motion compensated DCT encoding is 

method of playing back from an optical disk. a \ , * w * r „ . A t 

— , . . t . , effected using the I-picture and/or P-pictures at preceding 

FIG. 29 u> a block diagram showing a conventional optical ^ succecdi positions , as reference pictures, 

disk recording/playback device shown in Japanese Patent „ T ^, „ . ... , 

\r i ■ ft u- nyn^/mfti a Kir\ 1 FIG. 32 is a diagram showing the conventional encoding 

Kokai Publication 114369/1992. An A/D converter 1 con- A . . ^ r , 

verts a video signal, an audio signal or the like into digital „ ^ ctl JL e for ,h , e 0856 wl ? ere 10 Pf* 8 form . one , GOP ' and 

information. An information compressing means 2 serves to 15 RG - 33 » 1 s ^ owln f ,he ^mg 

_ « .l * *f*uA/r^ .* -i a « structure for the case where 15 pictures form one GOP. 

compress the output of the A/D converter 1. A frame sector v 

converting means 3 converts the compressed information In the drawings, P-, B- and I-pictures are respectively 

into sector information equal in length to a multiple of the ' c P rese ( nted as " ? " 01 "P-P^re " "B" or "B-picture," and 

frame period. An encoder 4 encodes the output of the frame ^ or "^picture. 

sector converting means 3. A modulator 5 modulates the The operation will next be described with reference to the 

output of the encoder 4 into predefined modulated codes so drawings. With the advancement in the digital image infor- 

as to reduce interference between codes on the recording mation compression technology, it is now possible to realize 

medium. A laser driver 6 is for modulating the laser light in an image filing system which is very convenient to use, by 

accordance with the modulated codes. A laser output switch recording the compressed information on a disk, with which 

7 is driven by the laser driver 6 to vary the current supplied search is much easier than having a VTR with a magnetic 

to the laser in an optical head 8, for emitting laser light. tape. Since, such disk file system handles digital 

An actuator 9 is for tracking the emitted light beam. A information, there is no deterioration due to dubbing, and 

traverse or feed motor 10 is for moving the optical head 8 in because recording and reproduction is achieved optically 

the radial direction of a disk 12 which can record informa- 30 *>d *ere is no direct contact with the recording medium, 

tion by magneto-optical recording or phase-change record- reliability is high. 

ing. Conventionally, an optical disk recorder shown in FIG. 29 
A disk motor 11 is driven by a motor driver 19 to rotate is used for recording the digital compressed motion infer- 
tile disk 12. The motor drivers 19 are controlled by first and mation of the MPEG system shown in FIG. 30. The image 
second motor controllers 20. A playback amplifier 13 ampli- 35 informa tion digitized by the A/D converter 1 is converted at 
fies the playback signal from the optical head 8. A demodu- the information compression means 2 into information of a 
lator 14 demodulates the amplified playback signal to obtain standard compression picture system such as an MPEG 
data from the recorded, modulated signal A decoder 15 system. The compressed information is encoded and modu- 
decodes the demodulated signal, and a frame sector inverse lated so that the effects of the interference between the codes 
conversion means 16 performs frame sector inverse conver- 40 oa the disk is reduced, and is then recorded on a disk 12. By 
sion to restore original image data with the addresses and making the amount of data for each GOP substantially 
parities having been removed. An information expanding identical, and by dividing information into sectors having a 
means 17 expands the compressed information, and a D/A leD S tn et 3 ual t0 a multiple of a frame period, editing and the 
converter 18 converts the expanded information into an ^ treating each GOP as a unit, is possible, 
analog video or audio signal. 45 During playback, the image information reproduced from 
FIG. 30 shows, in a simplified form, the data arrangement the optical disk 12 is amplified by the playback amplifier 13, 
structure (layer structure) of the Moving Picture Coding and returned into a digital data by the demodulator 14 and 
Experts Group (MPEG) system which is a standard method the decoder, and the original image data with the addresses 
of transferring and storing compressed digital moving pic- and parities having been removed can be restored at the 
ture information. In FIG. 30, reference 21 denotes a group 50 fr flmc sector inverse conversion means 16. Furthermore, an 
of pictures (hereinafter referred to as "GOPs") consisting of image signal is restored by effecting, MPEG decoding, for 
information of a plurality of frames, 22 denotes a GOP layer example, at the information expanding means 17, and is then 
formed of several pictures (screens), 23 denotes slices into converted into an analog signal by the D/A converter 18 so 
which each picture is divided, 24 denotes a slice layer that display on a monitor or the like is possible, 
formed of several macroblocks, 25 denotes a microblock 55 If the MPEG system is used as the digital motion corn- 
layer, and 26 denotes a block layer formed of 8x8 pixels. pression method as described above, the encoding structure 
The microblock layer 25 is a block consisting of 8 x8 comprising one or more compressed I-pictures 27 by means 
pixels, which is the minimum unit of encoding in the MPEG of intra-frame DCT, one or more P-pictures 29 which is 
system, and discrete cosine transform (hereinafter referred formed of image information obtained by DCT encoding 
to as "DCT") is effected taking each micro block as a unit. 60 with motion compensation in the forward direction, and one 
Four adjacent Y signal blocks and one Cb block and one Cr or more B-pictures 28 obtained by DCT encoding with 
block which correspond, with regard to position, to the four motion compensation using I- and/or P-pictures positioned 
Y signal blocks, i.e., six blocks in all form a macroblock24. in front and at the back along the time axis, as reference 
Several macroblocks 24 form a slice 23. The macroblock 24 pictures, as shown in FIG, 31 to FIG. 33. 
is a minimum unit for motion compensated prediction, and 65 Because an I-picture is obtained by intra-frame DCT, is 
the motion vector for the motion compensated prediction are possible to effect reproduction of the image with an I-picture 
determined taking each macroblock 24 as a unit. independently. A P-picture, on the other hand, is obtained by 
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forward motion compensation and the reproduction of the This flowchart shows the case in which special playback is 

image with a P-picture is not effected until after the repro- effected on the basis of the address at the head of the scene 

ductionof the I-picture. Because theB -picture is obtained by in the motion picture image information recorded in the 

prediction from both sides, both the I- and/or P-pictures TOC area. First, a jump is made to the TOC area, and the 

must first be reproduced before the B-picture. The amount of s scene head address is stored in the internal memory, and then 

data is the smallest and the efficiency of encoding is the best j ump ^ madc ^ mc address that has been stored, and the 

with the B-picture, because it is predicted in both directions. i. p i ct ure in the GOP to which jump has been made is 

BecausetheB-pictureisnotreproducedindependenay.il reproduced, and displayed, and movement to the next 

requires an I- or P-pictures, so that if the number of the address of jump destination is made. Such a sequence of 

B-pictures is increased, the capacity of the buffer memories 10 operation is repeated, 

must be increased, and the delay time from the data input to , . 

the image playback is lengthened. In a storage media, Wlth a c oa vc ^°™l method, however, a large 

represented by optical disks or the like, an encoding method 1111011111 of ^dresses which should be searched for (and to 

with a high compression efficiency is desired for long-time which a J um P & destined) need to be stored, and the TOC 

recording and the delay in the image playback is not information must be rewritten each time a recording is made, 

problematical. Accordingly, the encoding system showing in 15 Moreover, during special playback in the conventional 

FIG. 31 to FIG. 33 is appropriate for simple playback. system, it is necessary to skip B-picture data for reproducing 

Now let us consider how the conventional image search P-pictures, but as the I-pictures, B-pictures and P-pictures 

and fast playback are effected from a disk receding data with are recorded on the disk in sequence, waiting time may have 

the encoding structure as described above. If the encoding jo spent before reproducing a P-picture when a track jump 

structure is as shown in FIG. 33, and if playback is made by ^ conducted. 

extracting 1 -pictures, fast playback is possible. In this case, Furthermore, in the conventional system the amount of 

when an I-picture is reproduced, then a track jump is data of the 1 -picture encoded by intra-frame DCT is larger 

conducted to access the next or preceding GOP, and the than the amount of data of P- or B-pictures, so that super-fast 

I-picture therein is reproduced. By repeating such an playback, of several tens times the normal playback speed 

operation, a fast forward or reverse playback is realized. The 25 cannot be realized because the time for inputting data may 

feed speed for fast forward or reverse playback is limited to be insufficient. 

the 15-time speed in case of FIG. 33, and 10-times in the When starting a search in the conventional system for a 

case of FIG. 32. desired GOP from an arbitrary position on the disk, the 

In the actual image search, if the speed is too high, it is 3Q search operation must be repeated several times for finding 

difficult for the human eyes to recognize the image. For the head of each GOP (at which time code or address of the 

rough recognition, the fast search at a 10- time or more speed image is recorded). 

is appropriate, but for search with regard to the details after Furthermore, as the scene change position in the motion 

the rough search, fast playback or reverse playback at picture image information is not known, a scene-by-scene 

several-time speed is necessary It is therefore necessary that 35 search for finding a scene cannot be achieved by using the 

special playback can be conducted over a wide range, of conventional system. 

from several tens to several times the normal playback In addition, because only part of the data in each GOP is 

speed, to permit effective image search. Where the com- rcad m the specia] payback, image playback may not be 

pressed data of the MPEG system is used, and if it is accomplished, or playback may be possible only with regard 

attempted to reproduce P-pictures in the encoding structure ^ t0 part of ^ display screen in the conventional system, 
of FIG. 31 to FIG. 33, the B-pictures positioned before the 

P-pictures are also read, and it is therefore difficult to realize SUMMARY OF THE INVENTION 

four to eight time speed. M objccl Qf mc mveatkm is t0 mcrcase the spccial 

Since the conventional playback method reproduce the playback speed 

encoding structure on the disk as it is, special playback can d c A # f tU „ ■ . 

, ..j ,.t ^ ji-\r j j 43 Another object of the invention is to reduce rotation 

be achieved only by I-pictures, and fast forward and reverse \ . . . , , 

... L l- j i - ■ l. ■ l , waiting time when a track jump is performed, 

playback can be achieved only at a speed which corresponds * , . „ , . . . 

to the number of frames contained in one GOP or a multiple A"?*" of mc mvcntion » to enable continuous 

thereof reproduction of I -pictures. 

Also, with the recording format of the digital image 50 Anomer object of the mvention is to reduce the capacity 

shown in connection with the prior art examples, I-pictures, of memory for storing images during playback. 

P-pictures and B-pictures are arranged in a sequence along Another object of the invention is to facilitate locating the 

the time axis, so that the special playback is limited to the head position of each GOP 

following method. Another object of the invention is to enable recording of 

Particularly, a fundamental method for special playback ss information designating the manner of playback, 

in the system for recording digital motion picture image in According to an aspect of the invention, there is provided 

the prior art performs special playback using information an optical disk recording digital image information in the 

recorded in the TOC area which is at the inner periphery of form of a succession of image information blocks, each 

the disk. In this case, special playback is achieved by comprising I-picture data of an I-picture obtained by intra- 

reading, in accordance with the head address of the scene 60 frame DCT encoding, P-picture data of one or more 

change (the address of a location where a picture immedi- P-pictures obtained by DCT encoding with forward motion 

ately after the scene change is recorded) or the head address compensation, and B-picture data of B-pictures obtained by 

of the image file recorded in the TOC area, the digital motion DCT encoding with motion compensation using the data of 

picture image of the I-picture stored at the address, and the I- and/or P-pictures positioned in front and at the back 

reproducing them in turn. 65 thereof as reference pictures, 

The conventional operation for reading from the optical wherein an address format is preform atted in front of the 

disk in such a method is shown in the flowchart of FIG. 34. block of image information of said plurality of frames, 
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and the data arrangement within each image informa- 
tion blocks is such that I- and P-pictures are collec- 
tively disposed. 

Since the I- and P-picture data arc collectively disposed, 
that is, the I- and P-picture data within each GOP are S 
disposed in succession, they are read in succession during 
normal playback are stored in a buffer memory, and then 
decoded, and B-picture data are thereafter read and decoded 
sequentially to restore image data within the GOP. The 
capacity of the buffer memory can be reduced. During 10 
special replay, only l-picture data are read and decoded, 
while track jump can be effected at the position where the P- 
or B-picture data is recorded. During special replay, the time 
for reproducing P- and B-picture data can be omitted, so that 
the special playback speed can be increased. is 

It may be so arranged that a parity signal or header signal 
for recognition is recorded at the head of the I-picture data. 

With the above configuration, the position detection of the 
I- and P-picture data and discrimination between the I- and 
P-picture data during fast playback can be made with ease, 20 
and continuous reproduction of I-picture data is achieved 
without reproducing the management data at the head of the 
GOP at the time of track jump. It may be so arranged that the 
order of data arrangement of the I- and P-picture data within 
each of the image information blocks is different from one is 
image information block to another image information 
block. 

The configuration in which the order of data arrangement 
of the 1- and P-picture data within each of the image 
information blocks is different from one image information 30 
block to another image information block can be imple- 
mented by exchanging the positions of the 1- and P-picture 
data between adjacent image information blocks. With the 
above configuration, rotation waiting time at the time of 
track jump can be reduced. 35 

It may be so arranged that the I- and P-picture data within 
each image information block are disposed adjacent to each 
other, and the order of data arrangement of the I-, P- and 
B-picture data is different from one image information block 
to another image information block. 40 

The configuration in which the order of data arrangement 
of the I-, P- and B-picture data is different from one image 
information block to another image information block can 
be implemented by exchanging the positions of the I-, P- and 
B-picture data between adjacent image information blocks. 45 
With the above configuration, the rotation waiting time at the 
time of track jump can be further reduced. 

It may be so arranged that the area within the optical disk 
is divided into a plurality of zones for respective radius 
ranges, the scanning linear velocities in different zones being 50 
substantially equal to each other, address data and a header 
signal being preformatted at the head of each of the image 
information blocks, and the number of data bits for each of 
the image information blocks being identical between the 
image information blocks, and the data recording bit length 55 
of the image information block within each sector being a 
multiple of the circumferential length of the track on the 
disk. 

That data recording bit length of the image information 
block within each sector being a multiple of the circumfer- 60 
ential length of the track on the disk means the recording 
capacity per image information block (GOP) is a multiple of 
the recording capacity per revolution. With the above 
configuration, the variation in the linear velocity can be 
restrained within a sufficient range, and the GOP head 65 
positions can be recognized with ease wherever position on 
the disk is being scanned. 
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It may so arranged that a mirror-surface part for track 
offset detection is provided for each of the image informa- 
tion blocks. 

With the above configuration, it is possible to recognize 
the GOP head positions by reference to the mirror-surface 
parts, and by setting the length of the mirror-surface part to 
be different from other parts, the GOP head positions can be 
recognized from the sum signal at the optical head, without 
reproducing the data. 

According to another aspect of the invention, there is 
provided an optical disk recording digital image information 
in the form of a succession of image information blocks, 
each comprising l-picture data of an I-picture obtained by 
intra-frame DCT encoding, P-picture data of one or more 
P-pictures obtained by DCT encoding with forward motion 
compensation, and B-picture data of B-pictures obtained by 
DCT encoding with motion compensation using the data of 
the 1- and/or P-pictures positioned in front and at the back 
thereof as reference pictures, 

wherein an address data preformatted in front of the 
respective image information blocks (or image files) 
are aligned on a straight line extending in the radial 
direction. 

With the above configuration, wherever the light spot is 
tracing, the head position of each GOP can be recognized, 
and the track jump starting point can be defined accordingly 

According to another aspect of the invention, there is 
provided an optical disk recording digital image information 
in the form of a succession of image information blocks, 
each comprising I-picture data of an I-picture obtained by 
intra-frame DCT encoding, P-picture data of one or more 
P-pictures obtained by DCT encoding with forward motion 
compensation, and B-picture data of B-pictures obtained by 
DCT encoding with motion compensation using the data of 
the I- and/or P-pictures positioned in front and at the back 
thereof as reference pictures, 

wherein a jump destination address for special playback is 
recorded in the attribute data recording area at the head 
of each of the image information blocks. 

With the above configuration, special playback can be 
conducted in any of different modes depending on the 
contents of the motion picture, and the manner of special 
playback can be designated during recording, and by repeat- 
ing the track jump using the above information, special 
playback in which motion picture scene is completed or 
continuous reproduction of only the scene head portions can 
be achieved. 

According to another aspect of the invention, there is 
provided an optical disk recording digital image information 
in the form of a succession of image information blocks, 
each comprising I-picture data of an I-picture obtained by 
intra-frame DCT encoding, P-picture data of one or more 
P-pictures obtained by DCT encoding with forward motion 
compensation, and B-picture data of B-pictures obtained by 
DCT encoding with motion compensation using the data of 
the I- and/or P-pictures positioned in front and at the back 
thereof as reference pictures, 
wherein presence/absence of scene change detected from 
the temporal change in the luminance or chrominance 
information of the image is recorded in the attribute 
data recording area at the head of each of the image 
information blocks. 
With the above configuration, it is possible to conduct 
image search by sequentially reproducing the still pictures 
immediately succeeding or immediately preceding the scene 
changes, and it is possible to conduct editing taking each 
scene (partitioned by the scene changes) as a unit, i.e., on a 
scene -by-scene basis. 
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According to another aspect of the invention, there is then playing back the P-picture data of a plurality of 

provided a method of playing back an optical disk recording P-pictures successively; 

digital image information in the form of a succession of conducting a track jump; 
image information blocks, each comprising I-picture data of 

an I-picture obtained by intra-frame DCT encoding, s reproducing the I -picture data in the next image lnforma- 

P-picture data of one or more P-pictures obtained by DCT Uon bl° c ^; 

encoding with forward motion compensation, and B-picture then playing back the P-picture data of a plurality of 

data of B-pictures obtained by DCT encoding with motion P-pictures successively; and 

compensation using said I- and/or P-pictures positioned in repeating the above operations to perform fast playback or 

front and at the back thereof as reference pictures, 1Q reverse playback. 

wherein presence/absence of scene change detected from with the above method, the playback speed is improved, 

the temporal change in the luminance or chrominance According to another aspect of the invention, there is 

information of the image is recorded in the attribute ided a method of la m Dack an dcal ^ wherem 

data recording area at the head of each of the image ^ rotatioQal d of ^ Ucal ^ dufm fagt { faack 

information blocks. „ „ , f , f . . • . • • « 

n ,. lL lL , £ . . . i * 15 or reverse playback of motion picture image is higher than 

With the above configuration, tt is possible to conduct ^ ^ of ^ ^ ^ ^ 

image search by sequentially reproducing the still pictures playback 

immediately succeeding or immediately preceding the scene wi(h ^ aboye mc(hod ^ ^ transfcr ratc fa ; cd 

changes, and it ^ possible to conduct editing taking each Accordi to uothe[ as ^ cl of the i nvention> mere is 

scene frarutioned by the scene changes) as a unit, ,.e., on a ;ded a mcthod of j ^ bacfe aQ ^ djsk whcrein 

see ne-ov -scene basis • 

i , . r , ... the rotational speed of the optical disk is raised in the region 

According to another aspect of the mvenUon, there is ^ ^ nQ ^ wbich nccd to b6 read ^ ^ ^ 

provided a method of playing back an optical disk recording Qr reve[se of , mQtion ictur£ ■ fe recorded 

digital image information in the form of a succession of „ A • . j 4 r , . . . f , r 

. to . w . , . * and is lowered to the linear velocity at which reproduction 

image information blocks, each comprismg I-picture data of ^ f . . ■ -.. • - A ■ „,u- u i a n • ^ 

? . , A . , ; ' . * 6 -Xr *• 2S or data is possible, m the region in which 1- and P-picture 

an 1-picture obtained by intra-frame DCT encoding, " data ^ reC Q rded 

P-picture data of one or more P-pictures obtained by DCT With ^ aboye method ^ Qverall la back d fe 

encoding with forward moUon compensation, and B-picture ^ d> It ^ also ible t0 achieve s ^ 00th ft* special 

data of B-pictures obtained by DCT encoding with motion u back of m ^ Qn ^ . without usi track . 

compensanon using said I- and/or P-pictures positioned in According to another aspect of the invention, there is 

front and at the back thereof as reference pictures, idcd an ^ ^ recQrdi ^ mformation 

said method comprising the steps of: in ^ fofm of a succession of image informaUon blocks> 

using an optical head having a coarse actuator for access- each comprising T_ picture data of an T_ picmrc obtained by 

mg to a desired position, and a fine actuator for jumping intra-frame DCT encoding, P-picture data of one or more 

to a desired track at the inner or outer periphery of the 35 P . picturcs obtained by DCT encoding with forward motion 

optical disk; compensation, and B-picture data of B-pictures obtained by 

playing back the I-picture data through search and iden- DCT encoding with motion compensation using the data of 

tification by reference to the parity signal or the header the I- and/or P-pictures positioned in front and at the back 

signal within the image information block on the opti- thereof as reference pictures, 

cal disk; 40 wn erein said I-picture data is divided into fractional 

reproducing the I-pictare data in the next image informa- I-picture data for a plurality of regions into which a 

tion block; and display screen is divided, and the fractional I-picture 

repeating the above operations to perform fast playback or data are arranged in said image information block, and 

reverse playback. a header or parity signal is recorded in front of each 

With the above method, it is possible to reproduce 45 fractional I-picture data. 

I-pictures of the respective GOPs, by repeating track jump [ t may additionally be so arranged that the fractional 

by referring to the parity or header signal at the head of each I-picture data in the adjacent image information blocks in 

of the I-pictures. the adjacent recording tracks may be different. 

According to another aspect of the invention, there is with the above configuration, through search for a header 

provided a method of playing back an optical disk recording 50 s j gna i or par it y signal recorded in front of the screen 

digital image information in the form of a succession of fractional I-picture data, the screen fractional I-picture data 

image information blocks, each comprising I-picture data of C an be sequentially reproduced. 

an I-picture obtained by intra-frame DCT encoding, The header or parity signal is recorded at the head of the 

P-picture data of one or more P-pictures obtained by DCT da t a obtained by dividing I-picture data for the respective 

encoding with forward motion compensation, and B-picture 55 regions in the screen, so that when conducting a special 

data of B-pictures obtained by DCT encoding with motion playback in which only I-pictures in the respective GOPs are 

compensation using said I- and/or P-pictures positioned in reproduced and joined, it is not necessary to read all the 

front and at the back thereof as reference pictures, I-picture data. Accordingly, the special playback speed mul- 

said method comprising the steps of: tiplier is increased, and it is possible to obtain smooth 

using an optical head having a coarse actuator for access- go continuous movement in the picture during the special 

ing to a desired position, and a fine actuator for jumping playback. 

to a desired track at the inner or outer periphery of the According to another aspect of the invention, there is 
optical disk; provided an optical disk in which DCT-encoded I-picture 
playing back the I-picture data through search and iden- data is allocated into a plurality of sub-blocks according to 
tification by reference to the parity signal or the header 65 the horizontal and vertical frequencies, from the DC corn- 
signal within the image mformation block on the opti- ponents to the high-frequency components, sub-blocks of I-, 
cal disk; P- and B-picture data in the adjacent image information 
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blocks in the adjacent tracks are disposed with their order 
being altered, and a header or parity signal indicating which 
of the frequency components the content of each sub-block 
is for is recorded in front of each sub -block. 

With the above configuration, the frequency-divided 5 
I-picture data of a desired low-frequency component can be 
arbitrarily accessed and sequentially reproduced by search- 
ing for the header or parity signal. As a result, is not 
necessary to read all the I-picture data if the resolution of the 
displayed picture may be sacrificed to a certain extent, and 3Q 
special playback speed multiplier is high and yet smoothly 
moving picture can be produced. Moreover, when zone CAV 
format disk is used, the rotation waiting time during special 
playback is reduced. 

According to another aspect of the invention, there is 
provided an optical disk, in which DCT-encoded I-picture 15 
data is allocated into a plurality of sub-blocks according to 
the horizontal and vertical frequencies, from the DC com- 
ponents to the high-frequency components, the frequency- 
divided I-picture data within the adjacent image information 
blocks in the adjacent tracks are disposed differently, and a 20 
header or parity signal indicating which of the frequency 
components the content of each sub-block is for is recorded 
in front of each sub-block. 

With the above configuration, it is possible to achieve 
high-speed fast playback or reverse playback of frequency- 25 
divided I-picture data by repeating track jump through 
search for the header signal or parity signal. That is, the 
frequency-divided I-picture data of a desired low- frequency 
component can be arbitrarily accessed and sequentially 
reproduced by searching for the header signal or parity 
signal. As a result, it is not necessary to read all the I-picture 
data if the resolution of the displayed picture may be 
sacrificed to a certain extent, and the special playback speed 
multiplier is high and yet smoothly moving picture can be 
displayed. Moreover, when zone CAV format disk is used, 
the rotation waiting time during special playback is reduced. 35 

According to another aspect of the invention, there is 
provided an optical disk storing digital image information in 
the form of a succession of blocks, each comprising a 
plurality of frames comprising, in mixture, I-picture data 
forming image information obtained by intra-frame DCT 40 
encoding, P-picture data obtained by DCT encoding with 
forward motion compensation, and B-picture data obtained 
by DCT encoding with motion compensation using said I- 
and/or P-picture data positioned in front and at the back 
thereof as references, 45 

wherein the digital motion picture image information is 
divided into lower-layer data having smaller numbers 
of pixels and lines, and upper-layer data which 
produce, in combination with the lower-layer data, an 
image with larger numbers of pixels and lines, and a 50 
header or parity signal for indicating the type of the 
data block is recorded in front of each data block. 

It may additionally be so arranged that the lower-layer 
data and the upper-layer data are disposed, with their order 
being altered. 55 

With the above arrangement, the digital motion picture 
image information can be sequentially reproduced through 
search for the header or parity signal and arbitrarily access- 
ing I-picture data of desired, small numbers of pixels and 
lines. Moreover, it is not necessary to read all the I-picture 60 
data during special playback and yet image can be 
reproduced, and it is therefore possible to increase the 
special playback speed multiplier. 

It may be so arranged that the order of data arrangement 
of I-, P- and B-picture data within an image information 65 
block is different between adjacent image information 
blocks. 



With the above configuration, it is possible to achieve 
high-speed fast playback or reverse playback of screen- 
divided I-picture data by repeating track jump through 
search for the header or parity signal recorded in front of 
each data. 

It may be so arranged that identification signal indicating 
whether the I-picture data is a screen-divided data, a 
frequency-divided data, or data divided by the numbers of 
pixels and lines is written at the head of each image 
information block. 

With the above configuration, it is possible to identify 
whether the recorded digital motion picture image informa- 
tion is of an I-picture data, frequency-divided data, screen- 
region-divided data, or pixel/fine -number divided data by 
finding an identification signal written at the head of each 
image information block and identifying the content thereof, 
and it is possible to sequentially reproduce the recorded 
digital motion picture image information. 

It may be so arranged that the head positions of the digital 
image information blocks are aligned in the radial direction 
of the optical disk. 

With the above configuration, it is possible to accurately 
determine the timings of the track jump, and to continuously 
read special playback data without rotation waiting time. 

According to another aspect of the invention, there is 
provided a method of playing back from an optical disk 
comprising the steps of: 

using an optical disk playback device comprising a track- 
ing actuator for tracking a scanning spot on a pre- 
defined track, a tracking control circuit, and a track 
jump circuit for performing jumping scanning, 

using an optical disk according to the descriptions above, 
and 

repeating jumping operation on the basis of a header or 
parity signal recorded in front of each I-picture data to 
perform high-speed playback or reverse playback. 
With the above method, it is thereby possible to perform 
high-speed playback or reverse playback of divided digital 
image information. 

According to another aspect of the invention, there is 
provided a method of playing back from an optical disk, 
comprising the steps of: 
using an optical disk playback device comprising a track- 
ing actuator for tracking a scanning spot on a pre- 
defined track, a tracking control circuit, and a track 
jump circuit for performing jumping scanning, 
using an optical disk according to the descriptions above, 
and 

repeating jumping operation on the basis of an identifi- 
cation signal written at the head of each image infor- 
mation block to perform high-speed playback or 
reverse playback. 

With the above method, it is possible to identify the type 
of the data of each image information block on the basis of 
an identification signal written at the head of each image 
information block, so that the digital image information can 
be reproduced. 

Further scope of applicability of the present invention will 
become apparent from the detailed description given here- 
inafter. However, it should be understood that the detailed 
description and specific examples, while indicating pre- 
ferred embodiments of the invention, are given by way of 
illustration only, since various changes and modifications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip- 
tion. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood 
from the detailed description given hereinbelow and the 
accompanying drawings which arc given by way of illus- 
tration only, and thus are not limitative of the present 
invention, and wherein: 

FIG. 1 is a block diagram showing the recording system 
in Embodiment 1; 

FIG. 2 A and FIG. 2B are diagrams showing the digital 
motion picture image data recording format in Embodiment 

i; 

FIG. 3 A and FIG. 3B are diagrams showing the variation 
of the disk rotational speed during fast playback of the image 
data in Embodiment 1; 

FIG. 4 is a flowchart showing the operation of the special 
playback on the basis of the jump destination address written 
in the video attribute data in Embodiment 1; 

FIG. 5 is a flowchart showing the operation of data 
reading from the optical disk during special playback in 
Embodiment 1; 

FIG. 6 is a flowchart showing the operation of reading 
data from the optical disk in special playback for continu- 
ously reproducing I- and P-pictures in Embodiment 1; 

FIG. 7 A to FIG. 7C are diagrams showing the digital 
image data recording format in Embodiment 2; 

FIG. 8 is a diagram showing the digital image data 
recording format in Embodiment 2; 

FIG. 9 is a diagram showing the digital image data 
recording format in Embodiment 3; 

FIG. 10 is a diagram showing the digital image data 
recording format on the disk in the continuous guide groove 
system in Embodiment 3; 

FIG. U is a diagram showing the digital image data 
recording format on the disk in the sample -servo system in 
Embodiment 3; 

FIG. 12 is a flowchart showing the reading operation of 
Embodiment 3, in which the disk rotation speed is raised 
during special fast playback; 

FIG. 13A and FIG. 13B show the arrangement of data in 
a GOP of digital motion picture image data, and the overall 
data arrangement including audio data; 

FIG. 14 shows data arrangement of digital motion picture 
image data recorded on an optical disk in Embodiment 4: 

FIG. 15 is a block diagram showing a digital motion 
picture image information recording device using an optical 
disk of Embodiment 4; 

FIG. 16 shows data arrangement of screen-divided 
I-picture data in a GOP in Embodiment 4; 

FIG. 17 is a flowchart showing the operation of Embodi- 
ment 4; 

FIG. 18 A shows frequency-divided I-picture data arrange- 
ment in a GOP of Embodiment 5, and the paths of track jump 
during playback; 

FIG. 18B shows how the frequency divide I-picture data 
is obtained; 

FIG. 19 shows frequency-divided I-picture data arrange- 
ment in a GOP of another example of configuration of 
Embodiment 5, and the paths of track jump during playback; 

FIG. 20 shows frequency-divided I-picture data arrange- 
ment in a GOP of another example of configuration of 
Embodiment 5, and the paths of track jump during playback; 

FIG. 21 shows frequency-divided I-picture data arrange- 
ment in a GOP of another example of configuration of 
Embodiment 5, and the paths of track jump during playback; 
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FIG. 22 is a flowchart showing the operation of Embodi- 
ment 5; 

FIG. 23 shows data arrangement on an optical disk of the 
zone CAV type of Embodiment 5, which is preformatted in 
5 a sample -servo method; 

FIG. 24 shows data arrangement on an optical disk of the 
continuous groove type of Embodiment 5; 

FIG. 25 is a block diagram showing an example of circuit 
3Q for restoring image from the layered data of Embodiment 6; 
FIG. 26 is a block diagram of a digital motion picture 
image information playback circuit of Embodiment 6; 

FIG. 27 shows data arrangement of I- and P-pictures in 
layered form according to the numbers of pixels and lines on 
15 the optical disk according to Embodiment 6; 

FIG. 28 shows data arrangement, with only I- pictures 
having been layered, on the optical disk according to 
Embodiment 6; 

FIG. 29 is a block diagram showing the conventional 
20 optical disk recording and playback apparatus; 

FIG. 30 is a diagram showing the data arrangement in 
MPEG system; 

FIG. 31 is a diagram showing the code structure in which 
25 one GOP is formed of 17 pictures; 

FIG. 32 is a diagram showing the code structure in which 
one GOP is formed of .10 pictures; 

FIG. 33 is a diagram showing the code structure in which 
one GOP is formed of 15 pictures; and 
30 FIG. 34 is a flowchart showing the operation during 
special playback conducted on the basis of the address 
stored at the head of scene in digital motion picture image 
information stored in the conventional recording format, in 
^ the TOC area at the inner periphery of the disk. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiment 1 

40 

FIG. 1 is a block diagram showing a recording system of 
an optical disk device of Embodiment 1 of the present 
invention. In the drawing, an A/D converter 30 converts an 
analog video signal into a digital signal. A motion detector 

45 31 detects the motion vector of the digital video signal. A 
discrete cosine transform circuit 32 divides the image infor- 
mation into horizontal and vertical spatial frequency com- 
ponents. Reference numeral 33 denotes an adaptive 
quantizer, and 34 denotes an inverse quantizer. An inverse 

50 discrete cosine transform circuit 35 restores the image 
information from the frequency components. A frame 
memory 36 stores the image information as reference 
images, on the basis of the motion vector, 37 denotes a 
variable-length encoder, and 38 denotes a buffer memory. A 

55 format encoder 38 appends the address information and 
attribute data. 

A chrominance information comparator 40 compares the 
chrominance information of a picture with chrominance 
information of preceding and/or succeeding picture, and in 

60 particular compares the chrominance components of each 
picture with chrominance components of preceding and/or 
succeeding picture, used as a reference picture, after motion 
compensation by motion vector detection. A luminance 
information comparator 41 compares luminance information 

65 of each picture with luminance information of the preceding 
and/or succeeding picture. A scene change judging circuit 42 
judges whether or not a scene change is present on the basis 
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of the outputs of the comparators 40 and 41. The members dimensional directions) at the DCT circuit 32, quantization 

40, 41 and 42 form a scene change detector 100. is effected at the adaptive quantizer 33, and variable-length 

A modulating circuit 43 serves to restrain the effect of the encoding is effected by the variable length encoder 37. 

interference between codes, a laser modulating circuit 44 is ^ compressed digital motion picture information thus 

for modulating the laser on the basis of the information from 5 obtained is passed through the buffer memory 38 and the 

the modulating circuit 43. A servo circuit 45 performs focus format encoder 39 where address, header, attribute data and 

tracking, feed control, and disk motor control Reference mc arc to ^ a format suitab ,! e for 

numeral 46 denotes a system controller. recording on the optical disk 12. Judgment on scene change 

is made by the use of the scene change detector 100 

FIG. 2A and FIG. 2B show the recording format of digital connected to the output of the DCT circuit 35 for comparing 

motion picture image data in Embodiment 1. In FIG. 2A, successive frames, or by the use of the motion vector 

reference numeral 47 denotes wobble pits in a sample servo detector 31 for detecting a rapid change in the image, 

format or a mirror surface part for track offset correction in [ n particular, an accurate judgment on the scenes can be 

a continuous groove system, and corresponds to the wobble ma de at the scene change judging circuit 42 by comparing 

pits preformaited in the optical disk shown in FIG. 11 or a chrominance information and luminance information sepa- 

mirror surf ace part provided in the continuous groove shown 15 rately along the time axis, at the chrominance information 

in FIG. 10, 48 denotes a zone address for indicating the comparator 40 and the luminance information comparator 

address in the disk of a constant angular velocity (CAV) 41, and by comparing the amount of variation and variation 

system, 49 denotes a header indicating the head of the video speed for each picture. 

GOP and a video GOP address indicating the address of the The output of the scene change judging circuit 42 is stored 

GOP, 50 denotes a video attribute data for recording the 20 as the presence or absence of a scene change in the video 

attribute data of the video signal, 51 denotes an I-picture attribute data 50 in FIG. 2A and FIG. 2B. In the format of 

header indicating the head of an I-picture, and 52 denotes a FIG. 2 A, the video attribute data 50 can be used to record, 

video header formed of the areas 49 to 51. Reference in addition to the presence or absence of a scene change, the 

numeral 53 denotes an I-picture, 54 denotes a second address of the jump destination at 65, the structure of the 

I-picture data separated by servo pits or a mirror surface 47, 25 GOP at 61 and the number of pictures within the GOP at 60, 

and 55 denotes a third I-picture data separated in the same the scalability mode at 59, the time code at 64 and the like, 

manner as the second I-picture data 54. Reference numeral and special playback or the like can be effected using such 

56 denotes a P-picture header, and 57 and 58 denote attribute data. 

PI -picture data separated in the same manner as the second FIG. 2A and FIG. 2B show the digital motion picture 

I-picture data 54. image data recording format, in which I- and P-pictures are 

FIG. 2B shows the details of the format recorded in the adjacent to each other, and video attribute data 50 is dis- 

video attribute data 50. Reference numeral 59 denotes a posed at the head of the GOP. At the time of recording, on 

scalability mode (type of the hierarchy) of the digital image the basis of the result of the judgment at the scene change 

data arrangement, 60 denotes the number of frames in the 35 judging circuit 42, the presence or absence of a scene change 

GOP, 61 denotes the structure within the GOP defining the is stored in the video attribute data 50 in FIG. 2 A, and the 

arrangement of 1-, B- and P-pictures within the GOP, 62 address of a jump destination during special playback is also 

denotes the structure of arrangement and position of the data stored in the video attribute data 50 at 65. Since the digital 

within the I-picture, 63 denotes attribute data indicating motion picture image recording circuit is provided with a 

whether the image within the GOP involves panning, zoom- 40 buffer memory 38, the recording data is still held in the 

ing or scene change, 64 denotes a time code of a video area buffer memory 38 while the image is processed, so that the 

formed of a plurality of GOPs, 65 denotes an address of jump destination address can be stored, 

destination of jump during special playback, 66 denotes an For instance, when the GOP is of such an image which 

audio mode, and 67 denotes a still-picture mode, 68 denotes does not require jump playback (e.g., it consists of a 

a spare area. 45 succession of rapidly moving images, or still-picture -like 

FIG. 3 A and FIG. 3B show how the disk rotation speed is image which is similar to the preceding GOP), information 

varied for fast playback of the image data recorded in the that the GOP need not be played back and should be skipped 

format of FIG. 2 A and FIG. 2B. over is stored in the attribute data, and if the next GOP needs 

FIG. 4 is a flowchart showing the operation for the special t0 be played back, a flag to that effect is set. The special 

playback using the jump destination address for the special 50 P la y back & achieved by reproducing only the video attribute 

playback written in the video attribute data area 50 at the data 50 m sequence, and playing back the GOPs for which 

head of the video GOP. FIG. 5 is a flowchart showing the this fla S at head thereof is set. 

operation for the special playback using the data indicating Instead of the flag, designation of the jump destination 

whether a scene change is present or not, written in the video address may be used in 65. 

attribute data area at the head of the video GOP. FIG. 6 is a 55 In the case of the reverse playback, the buffer memory 38 

flowchart showing the operation for the special playback need not have a large capacity, and yet storage of the jump 

using in which only the I- and P-pictures within the GOP are destination address and setting of the flag indicating whether 

reproduced. the preceding GOP needs playback can be realized with 

The operation of Embodiment 1 will next be described casc - 

with reference to the drawings. The video signal represented 60 The operation of reading from the optical disk is as shown 

by those of the MPEG system, is recorded on disk 12 after in FIG. 5. First, the address of the head of the GOP is 

having been digital- video encoded. The analog video signal detected, and then the video attribute data 50 is read, an 

is first converted into digital data at the A/D converter 30, I-picture of the GOP is reproduced if a scene change is 

and a motion vector is then detected at the motion vector present, and jump is made to a next GOP if no scene change 

detector 31. Three-dimensional compression is effected by 65 is present. In this way, the special playback is continued, 

comparison with a reference image, discrete cosine trans- As shown in the flowchart of FIG. 4, special playback is 

formation is effected in the frequency directions (two- also possible by reading the jump destination address stored 
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in the video attribute data 50. In this case, by reading the B-pictures is omitted, the special playback efficiency (as a 

video attribute data 50, the jump destination address is ratio of the amount of data which is not read to the amount 

stored, and, on the basis thereof, an I-picture is reproduced, of data that is read during special playback) is not so high, 

and a track jump is also conducted when the current GOP and in addition the rotation waiting time is present. As a 

should be skipped over. In this way, the special playback is 5 result, the special playback speed multiplier is not high. If, 

achieved however, one GOP consists of 10 pictures as shown in FIG. 

By the use of the above methods, it is possible to achieve 3 * or , \ 5 P h i . ctures , f. shown FIG P 1 ^"* at 

• , , . t • u „u - i u ™?» r i i% r aD0Ut double or triple speed is possible, 

special playback in which only such GOPs of a plurality of _ , , ,f 4 T ■. , t 

GOPs formed on the disk that need to be reproduced are In order ™^ g i ^ 

!i a • , t 7u , . V v in arrangement shown in FIG. 8 is conceived. In the illustrated 

reproduced in turn. In these cases, still pictures are succes- 10 Jt lt . , fl j « ■ . 

. r . , * .... . . \ K , r data arrangement, the order of I- and P-pictures is opposite 

sively reproduced or stiU pictures at the heads of respect.ve belweeQ track . adjacfint G0Ps In the c 4 of nG £ when 

scenes are continuously reproduced. p T • . m • & * r*nn • i*j 

J r reproduction of an I-picture 53 m a first GOP is completed, 

In a special playback in which I- and P-pictures are and track jump is effected, then reproduction of an I-picture 

continuously reproduced, the operation is as shown in FIG. 53 in the next track-adjacent GOP is commenced immedi- 

6. In this case, after the video header 52 is detected, I- and alely Qf after only a servo sta5ilizmg periodi 

P-pictures are read and when a B-pctw teate is detertod. Furthermore, by changing the order of the I-, P- and 

a track jump is conducted to the video head of the next GOP B-pictures every track-adjacent GOP as shown in FIG. 9, it 

and similar operation is repeated in the successive GO*. fc ible lo achieve an arrangement in which T_ pictures can 

However with this method, the special playback speed b / read for more G0Ps . i n the illustrated 

multiplier (the ratio -of the ume for normal replay to the time { I -pictures can be read continuously for three 

for fast replay) is limited because the amount of data for 1- GQp £ ^ ^ substantiall smooth ia] la back b thc 

and P-pictures in each GOP is large. continuous reproduction of I-pictures for the three GOPs is 

Embodiment 2 possible. 

„ . ,. A . , 75 By reproducing I-picture data, playback can be achieved 

Embodiment 2 is next described with reference to the wi^ut rota tion waiting between GOPs. Accordingly, unlike 

drawings. FIG. 7A shows the method of reading data in Embodimcnt h smooth contimious motio n picture special 

which the image data recorded in the format of FIG. 2A is playback is possible, 
fast-played back by track jump, and FIG. 7B shows the 

disposition of the video headers 52 on the disk, and FIG. 7C 3q Embodiment 3 

shows the track jump at the video header 52. FIG. 10 shows a format arrangement on a disk of a 

In FIG. 8, the order of I- and P-pictures is reversed at continuous groove type in Embodiment 3. FIG. 11 shows a 

every track- adjacent GOP, so that I-picture reproduction at format arrangement on a disk of a sample servo type in 

the time of track jump is achieved with a shorter rotation Embodiment 3. FIG. 12 is a flowchart showing the operation 

waiting time. A rotation waiting time occurs when, for 35 of reading data in which the disk rotation speed is increased 

example, a track jump occurs but the next picture to be during special playback. 

reproduced is not located under the optical head 8. Thus, one The operation of Embodiment 3 will next be described, 
must wait for the disc 12 to rotate such that the next picture Generally, for the purpose of increasing the recording den- 
to be reproduced is properly located under the optical head sity of an optical disk, constant linear velocity (CLV) 
8. In the drawing, reference numeral 69 denotes an audio 4Q recording is advantageous over constant angular velocity 
header indicating the head of the audio signal, 70 denotes (CAV) recording. However, in CLV recording, the head of 
audio data, 71 denotes a video data recognition parity for image data and the disposition on the I-picture on the disk 
recognition of the head of the video data, 72 denotes is not fixed, and because in particular the angular position of 
P2-picture header indicating the head of the second the I-pictures is at random, the operation of Embodiment 1 
P-picture, 73 denotes P2-picture data, 74 denotes a B-picture 45 or Embodiment 2 is difficult. The disk is therefore divided 
header indicating the head of B-pictures, 75 to 79 denote Bl- into zones, e.g., zones A to F as illustrated in FIG. 10 or FIG. 
to Bn-picture data, and 80 denotes an end mark indicating 11, and the head regions of the GOPs within each zone are 
the end of the GOP. made to be aligned in the radial direction of the disk. 

In FIG. 9, the positions at which I- and P-picture image The linear recording density can be made substantially 

information is disposed are shifted from one GOP to another 50 equal between different zones, by varying the disk motor 

track-adjacent GOP, so that I-picture reproduction at the rotational speed between different zones, or by varying the 

time of track jump is achieved with an even shorter rotation frequency of the data clock during recording and playback, 

waiting time. In the drawing, reference numerals 81 to 88 But in such a case, the recording capacity per one revo- 

denote B-picture (B5- to B12-picture) data. hition of the disk is different between different zones. It is 

The operation of Embodiment 2 will next be described ss possible to realize the zone division by which the recording 

with reference to the drawings. In FIG. 7 A, the data in the capacity per GOP is a multiple of the recording capacity per 

GOP is arranged in the order of I-, P- and B-pictures. In this revolution. For instance, it may be so set that one GOP is 

case, special playback is achieved by repeating the steps of formed of five tracks in the innermost zone, while one GOP 

reading the video header 52 including the video GOP is formed of two tracks in the outermost zone, 

address 49 and the video attribute data 50 shown in FIG. 2 A, go Instead of setting the recording capacity per GOP to be a 

then reproducing an I-picture, and skipping P- and multiple of the recording capacity per revolution, it may 

B-pictures, and then reproducing an I-picture in the next alternatively be so set that the recording capacity per GOP 

GOP, and so on. is a multiple of the recording capacity per half a revolution. 

In such a case, because the data occupation proportion of Then, finer zone division is possible. If it is so set that the 

an I-picture in each GOP is fairly large, and the amount of 65 recording capacity per GOP is a multiple of the recording 

data of an I-picture is three to five times the amount of data capacity per a quarter of one revolution, even finer zone 

of a B-picture, Therefore, even if reproduction of P- and division is possible. 
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In this case, the GOP address in the video information is 
written immediately after the servo pits (wobble pits) in the 
sample servo type or the mirror surface part in the continu- 
ous guide groove type, and by setting the length of the mirror 
surface part or the wobble pits in which the GOP address is 5 
recorded to be of a different length from other parts, the sum 
signal (reflection signal) from the optical head can be used 
as an index during search. 

In the system for recording and playing back digital 
motion picture image using an optical disk, such as those 1Q 
described above, the special playback can be achieved by 
using track jump as described in connection with Embodi- 
ment 1 and Embodiment 2. It is also possible to increase the 
disk rotation speed during continuous playback in order to 
further increase the overall playback speed. For instance, the 15 
disk rotation speed is doubled, and the data transfer rate is 
doubled, and yet the data reproduction is possible. By 
reproducing I- and P-pictures only, double speed playback 
can be achieved. 

If the disk rotational speed is increased to four or eight 2 o 
times, the data rate is too high, and the data detection may 
be impossible. In such a case, while I- and P-pictures are 
reproduced the disk rotational speed may be lowered to such 
a value at which playback is possible, and while B-pictures 
are reproduced the disk rotation speed may be increased, as 2 5 
shown in FIG. 3B. 

The operation of the optical disk drive for such a playback 
is as shown in FIG. 12. The operation including the follow- 
ing steps is repeated. First, the rotational speed is increased 
to n-times, and then the video header is detected to read an 30 
I-picture, and jump is made to the next GOP. By disposing 
an 1-picture in the video attribute data 50, the disk motor 
acceleration region and the deceleration region can be set. 
Embodiment 4 Embodiment 4 of the invention will next be 
described. FIG. 13 A and FIG. 13B show the data structure 35 
of the digital motion picture image according to Embodi- 
ment 4. FIG. 13A shows the structure of a GOP, FIG. 13B 
shows the data arrangement of the entire GOP including 
audio data. In the drawings, reference numerals 21 to 29 
denote data identical to those described in connection with 40 
the prior art example with reference to FIG. 30 to FIG. 33. 
Reference numeral 130 denotes a header indicating the head 
of the data, 131 denotes an address of each GOP forming a 
unit of editing, 132 denotes attribute data attendant to the 
digital motion picture image data, 133 denotes an audio 45 
header indicating the head of audio data 134. Reference 
numeral 135 denotes a video header indicating the head of 
video data 136. Reference numeral 137 denotes a P-picture 
header indicating the head of a P-picture 29. Reference 
numeral 138 denotes a B-picture header indicating the head 50 
of a B-picture 28. In the drawings, P-, B- and I-pictures are 
respectively represented as "P-picture," "B-picture," and 
"I-picture." 

FIG. 14 shows the details of configuration of the digital 
motion picture image data arrangement in Embodiment 4. 55 
Reference numeral 139 denotes wobble pits in the sample 
format or a mirror surface part for offset correction in the 
continuous guide groove type, 140 denotes a zone address in 
the optical disk of a zone constant angular velocity (CAV) 
rotation system, 141 denotes a sector address for each sector 60 
which is a fraction of a GOP, 142 denotes a video GOP 
address for each video GOP, 143 denotes a video attribute 
data attendant to a digital motion picture image, and 145 
denotes an I-picture header indicating the head of I-picture 
data 146. Reference numeral 147 denotes I-picture ECC 65 
(error correction code) recording the I-picture data error 
correction code, and 148 denotes a P-picture header indi- 



cating the head of P-picture data 149. Reference numeral 
150 denotes a scalability mode, 151 denotes the number of 
frames within the GOP, 152 denotes the GOP structure 
showing the arrangement of I-, B- and P-pictures, and the 
like within the GOP, 153 denotes the arrangement and 
position of data within an I-picture, 154 denotes detailed 
attribute data such as presence or absence of panning, 
zooming and scene change, 155 denotes a time code, 156 
denotes an address of destination of jump during special 
playback, 157 denotes an audio mode, 158 denotes a still 
picture mode, and 159 denotes a spare area. 

FIG. 15 is a block diagram showing an optical disk 
recording device for use with an optical disk according to 
Embodiment 4. The illustrated recording and playback 
device is identical to that shown in FIG. 1, except that the 
scene change detector 100 in FIG. 1 is not provided. The 
reference numerals 8, 10 -12, 30-39, and 43 to 46 denote 
members or components identical to those in FIG. 1. 

FIG. 16 shows the structure of details of the part where 
I-picture data is recorded on the optical disk. The video 
header 135 indicates the head of the video data in nth track 
group, 160 denotes fraction data formed of a plurality of 
slices for the top l A part (from the top edge to a first 
horizontal dividing line *A as measured from the top edge of 
the screen) of the screen of the I-picture 27. Reference 
numeral 162 denotes a fraction data formed of a plurality of 
slices for the middle Vi part (from the first horizontal 
division line to a second horizontal dividing line at 2 h as 
measured from the top edge of the screen) of the I-picture 
27. Reference numeral 164 denotes a fraction data formed of 
a plurality of slices for the bottom l h part (from the second 
horizontal dividing line to the bottom edge of the screen) of 
the I-picture 27. Reference numeral 161 denotes a sub- 
header indicating the head of fraction data 162. Reference 
numeral 163 denotes a sub-header indicating the head of 
fraction data 164. Reference numeral 148 denotes a 
P-picture header, 165 denotes a first P-picture data within the 
GOP, and 166 denotes a header indicating the head of a 
second P-picture data 167. Reference numeral 168 denotes 
a header indicating the entirety of each of the digital motion 
picture image of (n+l)-th and (n+2)-th track groups, and also 
indicating the head of P-picture data, 169 denotes a header 
indicating the part 160 where the data for the slices 23 in the 
upper Vz part of the screen of the 1-picture 27 is recorded. 

FIG. 17 is a flowchart showing the operation of special 
playback of a motion picture in an optical disk device, with 
a system having a digital motion picture image data file 
structure in which the screen is divided in the vertical 
direction of the screen into fractions, each comprising a 
multiple of slices. 

The operation will next be described. A digital motion 
picture image data usually is formed of a mixture of data of 
I-, B- and P-pictures 27, 28 and 29, as shown in FIG. 31 to 
FIG. 33 in connection with the prior art example. An 
I-picture 27 can be reproduced independently because two- 
dimensional compression is used. However, P-pictures can- 
not be reproduced until the I-picture is reproduced, and 
B-pictures cannot be reproduced until the I- and P-pictures 
have been reproduced. A data arrangement on the disk that 
is advantageous from the view point of the signal processing 
is therefore, that I and P-pictures are successively disposed 
first in the GOP as shown in FIG. 13B, and B-pictures are 
thereafter disposed. 

In this case, it is also desirable that the audio data is also 
arranged for each GOP. This enables after-recording 
(recording audio signal after video signal) and editing. 
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Moreover, with the data structure shown in FIG. 13A and is much larger than the B- and P-pictures, and during special 

FIG. 13B by providing video GOP address 142, headers 145 playback, an I-picture and then P-pictures are reproduced, or 

and 148 indicating the heads of I- and P-pictures as shown only I-pictures are reproduced successively, 
in FIG. 14, to enable editing for each GOP it is possible to 

extract a I-picture data of a single picture alone, or P-picture 5 Embodiment 5 

data of a single picture alone. FIG. 18A shows the arrangement structure of the digital 

By providing a region 143 in which attribute data of the motion picture image data in Embodiment 5, Reference 

digital motion picture image data is written, and by provid- numerals 171 to 177 denote new file blocks which are 

ing scalability mode 150 indicating whether the hierarchial formed when the block layer 26 is of a digital motion picture 

structure is suitable for use with the particular numbers of 10 image in DCT encoding is divided with reference to the 

pixels and lines on the screen, the number of frames, 151, spatial frequency as shown in FIG. 18B. In FIG. 18 A and 

within the GOP, the GOP structure 152 indicating the FIG. 18B, the file structure within an I-picture for each GOP 

arrangement and the like of I-, B- and P-picture data within is divided into groups of respective spatial frequency regions 

the GOP, the disk can be used in conjunction with a variety in DCT codes, and the disposition is altered from one GOP 

of signal processing systems. By describing the I-picture 15 to another. The frequency of the respective groups is 

data structure within the GOP structure 152, the arrangement increased in the order of (a) to (g). 

suitable for the special playback which will be described FIG. 19 shows a data structure which is a modification of 

below can also be adopted. FIG. 18A. The arrangement of I- and P-picture data is 

As has been described, with the format in which I- and altered from one GOP to another. In the drawing, reference 

P-pictures are successively disposed in the GOP, it is pos- 20 numeral 180 denotes an I-picture header indicating the head 

sible to implement special playback by modifying the of the I-picture data. 

I-picture data structure. In this case, by dividing the I-picture FIG. 20 shows an example in which each GOP has four 

data into one- third fractions, each comprising an integer P-pictures. Reference numeral 181 denotes a third P-picture 

number of slices, as shown in FIG. 16, and the positions of header indicating the head of third P-picture data 178, and 

the file blocks corresponding to the respective positions on 25 182 denotes a fourth P-picture header indicating the head of 

the screen are exchanged between GOPs. Such a data fourth P-picture data 179. 

arrangement is possible by controlling the buffer memory 38 FIG. 21 shows the operation of special playback taking 

by means of the format encoder 39 in the optical disk account of the rotation waiting with the digital motion 

recording and playback device shown in FIG. 15. ^ p icture image data arra ngement shown in FIG. 20. FIG. 22 

With the file structure shown in FIG. 16, if the heads of is a flowchart showing the operation of the optical disk drive 

the GOPs are aligned in the disk radial direction, it is for the case where I-picture data is divided according to the 

possible to reproduce image of one picture from 3 GOPS, by frequency. 

performing track jumps, as illustrated, and adjoining the data FIG. 23 shows the data arrangement on the optical disk 

for the fractions of I-picture. Partial continuous reproduction 35 f or thc casc where the optical disk of a zone CAV system is 

of Irpictures can be achieved with short rotation waiting formatted according the sample servo system. In the 

times, so that the speed of the fast playback using I-picture drawing, reference numeral 223 denotes a header and servo 

data can be made high even though the amount of I-picture pits> 224 denotes a sector address, 225 denotes audio data, 

data is larger than P- and B-pictures. 2 26 denotes a sub-header for the data block (d) to (g) in the 

Moreover, with the disk format of the zone CAV system, 40 I-picture, 227 denotes I-picture data for the (d) to (g) of the 

GOP head data can be aligned in the disk radial direction, if I-picture, and 228 denotes a header for the audio data, 

the zone allocation is such that the amount of data per GOP FIG. 24 shows the data arrangement on the optical disk 

is a multiple of one revolution or a multiple of half a f or the continuous guide groove system. In the drawing, 

revolution. reference numeral 229 shows a mirror surface part for 

The operation of the optical disk device during the special 45 detecting the offset of the tracking sensor during tracking in 

playback described above is shown in the flow chart of FIG. the push-pull method, and 230 denotes a re-sync byte for the 

17. First, when the special playback is started, the video case where a modulation system having an intermittent data 

GOP address is detected, and the time code and the like are structure of the 2-7 modulation or 1-7 modulation is used, 

displayed on the screen by means of a character generator or The re-sync byte contains a reference clock for PLL for the 

the like. Next, the video attribute data in the GOP is read, 50 purpose of data detection. 

and judgment as to whether the I-picture is of the divided The operation of Embodiment 5 will next be described. In 

type. If it is of the divided type, the header at the top part of the standard digital motion picture image compression sys- 

the screen of an I-picture is detected, and the data is read, le m represented by MPEG, JPEG, and the like, the data 

and track jump is then performed, and the header for the arrangement is obtained through division according to the 

central part of the screen is detected and the data is read, and 55 vertical and horizontal spatial frequencies at the time of 

jump is again made, and the header for the bottom part of the DCT encoding of each macroblock 24, and scanning in 

screen is detected and the data is read. The fractional data of zig-zag fashion as shown in FIG. 18B. For instance, if the 64 

the I-picture are adjoined by the image memory (buffer DCT encoding data of I-picture data are divided into blocks, 

memory 38 in FIG. 15). The above operations are repeated seven blocks (a) to (g), each consisting of 9 or 10 DCT 

until the special playback is completed. In this way, fast 6Q encoding data are formed. At the time of data recording, 

playback and reverse playback can be achieved. these I-picture data are not arranged taking each slice 23 as 

By application of the invention, the special playback a unit, but are arranged taking each of the blocks (a) to (g) 

speed multiplier can be improved even in the case of an as a unit, as illustrated, and a header signal, a parity signal, 

optical disk of a CLV system. This is because the data of the and the like are added to the head of the block forming each 

I-pictures is divided and fractions thereof are reproduced, 65 of fractions generated by the division according to the 

while in the prior art all the I-picture data were reproduced. frequency regions, it is possible to obtain image during 

Note in this connection that the data capacity of an I-picture special playback, by reproducing the data closer to the DC 
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component of the DCT encoding data. In this way, it is not of every second GOP), while if track jump is performed as 

necessary to reproduce the entirety of each I-picture data indicated by a solid line, reproduction of I-pictures is 

having a relatively large data amount. effected every GOP (using data blocks (a) to (c) of every 

Assume, for instance, that the optical disk has the struc- GOP), 

ture of the zone CAV system, and the GOP head positions S As the data arrangement within I-pictures is altered as 

are aligned in the disk radial direction. By re-arranging the shown in FIG. 21, the operation as indicated by the solid line 

data blocks (a) to (g) of an I-picture for each GOP as shown * possible. and movement can be realized than in the 

in FIG. 18A, it is possible to continuously reproduce only case of the dotted hne - 

data block (a) in the I-picture data. Durm S mc s P ccial Payback as described above, the 

ic F ■ * • it * r ** *i_ * c *i_ in optical disk drive performs the operation as shown in the 

It, for instance, a signal or a rate tour tunes that of the JU a r , . c CT « £- . \\ c . , , 

. j j V«¥N 7 j • i \ « j flowchart of FIG. 22. First, the address of the head of the 

current standard CD (compact disk) were recorded at a „™ c t , , . . ^ ' . , A . , . , . 

, ,. ,. , . 4 v *• i j- i r iL . GOP of the digital motion picture image data is detected, and 

double linear density on an optical disk of the current CD 4 . 4 . r u j j* i jj 

/.u j« u • if \ »i_ j- i . *• j me hme information such as time code, disk address 

size (the diameter bemg 15 cm), the disk rotation speed . , t , ... . .. , . ' „, 

,j, , » /* ' 4 information, or the like is displayed on the screen. Then, 

would be changed from 600 rpm to 1200 rpm, and the worst ■ , « n. . j * * j j * j * • j 

... u u *i. *• j- * i*> video attribute data is read, and judgement is made as to 

rotation waiting time would be the time corresponding to J3 ... T . . , 4 . c - , , Tr . 4 . 

three ictu es whether the I-ptcture data is frequency-divided. If it is 

P frequency-divided, the head of the low-frequency compo- 

For this reason, where one GOP is formed of 15 pictures, nent of me i. pictait is detected, and the I-picture low- 

and if an I-picture can be read within a time for one picture frequency component is read, and a corresponding picture is 

(about 33 msec), it is possible to perform a 15-time speed displayed, and track jump oyer a predetermined number 

playback in which I-pictures are successively reproduced. If tracks fe performed . ^ above operations are repeated until 

a rotation waiting occurs the time corresponding to three mc completion of the special playback. In this way, the data 

pictures (about 100 msec.) is wasted per revolution, and the of me i ow -frequency components in the DCT encoding of 

maximum playback speed will be five time the normal l. pic tures is sequentially reproduced, and special playback is 

s P eec1, 25 achieved in this way. 

If a playback system in which a next GOP is skipped and In ^ opt i ca i disk having a disk format of a sample servo 

an I-picture in the next-but-one GOP is reproduced is system, if sectors, each formed of a part from a header and 

employed, to prevent the degradation in the special playback servo pits 2 23 to the next header and servo pits 223, as 

speed multiplier, one out of 30 pictures is displayed, and at shown in nG 2 3, are aligned in a radial direction within 

the time of 15-time speed, the same picture is displayed 3Q each zone, and I-picture data, P-picture data, audio data and 

twice. The motion in the displayed motion picture is awk- thc Hke m completed over a multiple of sectors of said 

ward. Moreover, a necessary scene may be missed as the sample servo format, the disk structure shown in FIG. 18A 

skipping is increased. to nG 2 l i s realized on the disk. 

To prevent the awkwardness and skipping, the amount of In an optica i disk having a ^ format of a con tinuous 

reproduced data of the I-picture is reduced to the extent in 35 g^de groove system, it is possible to adopt a file structure 

which image recognition is possible. That is, only the on thc disk ^ shown m p IG 2 4 to provide similar effects, 

low-frequency components in the DCT encoding are i.e., to realize the disk structure shown in FIG. 18 A to FIG. 

reproduced, for example. Moreover, position of the low- 21 In mis case> a part from onc mirror surfacc part 229 to 

frequency component is altered from one GOP to another. In another mirror surface part 229 form a large file unit. This 

addition, track jump is repeated. By these measures, the 40 largc filc unit can be su b-divided by re-sync byte 230 into 

rotation waiting time is shortened. sub-division file units, and I-picture data, P-picture data, 

Furthermore, if digital motion picture image data is audio data and the like are made to be of such a length which 

recorded as shown in FIG. 19, instead of successively is a multiple of the sub-division file units. In this way, it is 

reproducing only the data block (a) of an I-picture data as possible to realize the data structure on the disk as shown in 

shown in FIG. 18 A, data blocks (b) and (c) of the I-picture 45 FIG. 18A to FIG. 21. 

data are also reproduced, with the result that finer image can Description has been made for the case where the optical 

be reproduced even in special playback. If the positions of disk is of a zone CAV format. In the case of CLV format as 

the I- and P-pictures are exchanged, in addition to the i t ^ possible to improve the special playback speed 

exchange of the positions of the data blocks (a) to (c) within multiplier by frequency-dividing the I-pictures. 

the I-picture data as shown in FIG. 19, the rotation waiting 50 

time in special playback is further reduced. In this case, Embodiment 6 

every four GOPs form a group for which continuous data is Embodiment 6 of the invention will next be described, 

obtained, and the fast playback is achieved by a succession FIG. 25 is a block diagram showing a decode circuit for 

of such groups each consisting of four GOPs. restoring the image signal of 780 pixels x4S0 lines from a 

Furthermore, if the number of P-pictures per GOP is four 55 layered information, the layered information being obtained 
as shown in FIG. 20, every two P-pictures are made to form by layering digital motion picture compressed image infor- 
a group, and the positions of each group and an I-picture are mation into compressed information corresponding to 780 
exchanged to achieve fast playback in which data blocks (a) pixelsx480 lines, and compressed information correspond- 
to (c) of an I-picture data are reproduced. In this case, every ing to 360 pixelsx240 lines. In the drawing, reference 
six GOPs form a group for which continuous data is 60 numeral 201 denotes a variable-length encoder, 202 denotes 
obtained, and the fast playback is achieved by a succession an inverse quantizer, 203 denotes an inverse discrete cosine 
of such groups each consisting of six GOPs. transform circuit, 204 denotes a motion compensating 

Where a certain rotation waiting is permitted, and if circuit, 205 denotes a frame memory, and 206 denotes a 

special playback is at a several-time speed, track jump as decoder for restoring the digital motion picture compressed 

shown in FIG. 21 is performed. If track jump is performed 65 image data of the lower layer. 

as indicated by dotted line, reproduction of I-pictures is FIG. 26 is a block diagram showing an optical disk device 

affected every alternate GOPs (using data blocks (a) to (g) for decoding the digital motion picture compressed image 
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information recorded on the optical disk, being layered, 
using the decode circuit shown in FIG. 25. In the drawing, 
reference numeral 207 denotes a playback amplifier for 
reproducing digital motion picture image information 
recorded on the optical disk, and 208 denotes a data- s 
detection & PLL circuit for detecting the data from the 
signal from the playback amplifier 207. Reference numeral 
209 denotes a header detection & data discriminating circuit 
for detecting the header signal in the data detected by the 
data detection & PLL circuit 208 and discriminating the to 
data. Reference numeral 210 denotes an error correction 
circuit. 

FIG. 27 is a diagram showing the disposition of layered 
I- and P-picture data on the disk. Reference numeral 211 
denotes a lower-layer data of an I-picture corresponding to 15 
digital motion picture image information of 360 pixelsx240 
lines, 212 denotes an upper-layer data of the I-picture which, 
in combination with the lower-layer data 211, form data of 
780 pixelsx480 lines, and 213 denotes a header of the upper 
layer data 212. Reference numeral 214 denotes a lower-layer 20 
data of a P-picture, 215 denotes an upper-layer data of the 
P-picture, 217 denotes a lower-layer data of a second 
P-picture, 218 denotes an upper- layer data of the second 
P-picture, 219 denotes denotes a header of the upper-layer 
data of the second P-picture, 220 denotes a header of the 25 
upper-layer data of the I-picture, 221 denotes a header of the 
upper-layer data of the first P-picture, and 222 denotes a 
header of the lower-layer data of the second P-picture. 

FIG. 28 shows the arrangement, on the disk, of data of 
which only I-picture data is layered. 30 

The operation of Embodiment 6 will next be described 

In the MPEG system is now established as an interna- 
tional standard, there is a method in which the data structure 
is layered, and divided into a lower-layer image data of 360 35 
pixelsx240 lines, and upper-layer image data which, in 
combination with the lower-layer image data, form data of 
780 pixelsx480 lines. The upper-layer data and the lower- 
layer data are combined at the decode circuit shown in FIG. 
25 to form a synthetic picture of 780 pixelsx480 lines which 4Q 
is a digital motion picture image information of the upper 
layer. 

Where the I- and P-pictures are layered, the data may be 
arranged on the disk as shown in FIG. 27. The upper-layer 
and lower-layer data of the I- and P-pictures are disposed, 45 
being separated by headers and the like, and the positions of 
the I- and P-pictures are altered from one GOP to another. In 
this way, at the time of special playback, track jump is 
performed, and only the lower-layer data of the I-picture is 
continuously read. 50 

Moreover, it is also possible to layer the I-pictures only, 
to thereby simplify the configuration. In this case as well, the 
positions of the I-picture data and P-picture data may be 
altered from one GOP to another, to enable continuous 
reading of the I-picture lower-layer data. Generally, the 55 
amount of I-picture data occupies a larger area in the GOP, 
so that if it is attempted to read all the data, the speed 
multiplier of the special playback cannot be made high. By 
reading only the lower-layer data of I- and P-pictures, the 
special playback speed multiplier can be made high, and the 60 
number of frames forming the special playback picture can 
be increased so as to make the motion smooth. 

FIG. 26 is a block diagram showing the optical disk 
recording and playing back device which can restore layered 
data. The playback signal from the optical disk that has been 65 
amplified by the playback amplifier 207 is detected as data 
by the data detector 208, and divided into the upper-layer 



data and lower-layer data at the header detector/data dis- 
criminator 209. The discriminated data is error-corrected at 
the error correction circuit 210, and input into a layered-data 
decode circuit similar to that shown in FIG. 25, to achieve 
reproduction of image. With the lower-layer data alone, only 
the image of 360 pixelsx240 lines can be obtained. 

The invention being thus described, it will be obvious that 
the same may be varied in many ways. Such variations are 
not to be regarded as a departure from the spirit and scope 
of the invention, and all such modifications as would be 
obvious to one skilled in the art are intended to be included 
with the scope of the following claims. 

What is claimed is: 

1. An optical disk recording digital image information in 
the form of a succession of image information blocks, each 
comprising 1 -picture data of an I-picture obtained by intra- 
frame encoding, P-picture data of one or more P-pictures 
obtained by encoding with forward motion compensation, 
and B-picture data of B-pictures obtained by encoding with 
motion compensation using the data of the I- and/or 
P-pictures positioned in front and at the back thereof as 
reference pictures, 

wherein address data preformatted in front of the respec- 
tive image information blocks is aligned on a straight 
line extending in the radial direction to reduce rotation 
waiting time upon a track-jump event. 

2. A method of playing back an optical disk comprising: 
raising the rotational speed of the optical disk for a region 

in which no data needs to be read during fast forward 
or reverse playback of a motion picture image recorded 
on the optical disk, and 
lowering the rotational speed to the linear velocity at 
which reproduction of data is possible, for a region in 
which I- and P-picture data have been recorded. 

3. A method of playing back an optical disc according to 
claim 4, further comprising: increasing the rotational speed 
of the optical disk during fast playback or reverse playback 
of a motion picture image to a rotational speed higher than 
the rotational speed of the optical disk during normal 
playback. 

4. A machine readable optical disk recording digital image 
information in the form of a succession of image informa- 
tion blocks, each comprising I-picture data of an I-picture 
obtained by intra-frame encoding, P-picture data of one or 
more P-pictures obtained by encoding with forward motion 
compensation, and B-picture data of B-pictures obtained by 
encoding with motion compensation using the data of the I- 
and/or P-pictures positioned in front and the back thereof as 
reference pictures, 

said I-picture data being divided into screen -divided 
I-picture data such that each screen-divided I-picture 
data encodes one of a plurality of regions into which a 
display screen is spatially divided, 

each of said screen-divided I-picture data including a 
plurality of slices; and 

each of said screen-divided I-picture data being arranged 
in each of said image information blocks, and 

a header or parity signal being recorded in front of each 
screen-divided I-picture data, wherein the machine 
readable disk increases an efficiency of a machine 
reading the disk by recording digital image information 
using the above -stated format. 

5. The optical disk according to claim 4, wherein the order 
of data arrangement of 1-, P-, and B-picture data within an 
image information block is different at least between track- 
adjacent image information blocks. 
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6. The optical disk according to claim 4, wherein identi- 
fication signal indicating whether the 1 -picture data is a 
screen-divided data, a frequency-divided data, or data 
divided by the numbers of pixels and lines is written at the 
head of each image information block. 5 

7. The optical disk according to claim 4, wherein the head 
positions of the digital image information blocks are aligned 
in the radial direction of the optical disk. 

8. A method of playing back from the optical disk of claim 

5 comprising the steps of: 10 
using an optical disk playback device including a tracking 
actuator for tracking a scanning spot on a predefined 
track, a tracking control circuit, and track jump circuit 
for performing jumping scanning, and repeating jump- 
ing operation on the basis of a header or parity signal 15 
recorded in front of each screen-divided I-picture data 
to perform high-speed forward or reverse playback. 

9. A machine-readable optical disk encoded with a data 
structure comprising: 

encoded I-picture data divided into a plurality of I-picture 20 
sub-blocks such that each I-picture sub-block is allo- 
cated encoded I-picture data according to the horizontal 
and vertical frequencies, from a DC component to the 
high-frequency components, 

track-adjacent I-picture sub-blocks in the track- adjacent 
image information blocks in the adjacent tracks being 
disposed with their order being altered from one track 
to a next track, and 

a header or parity signal indicating for each I-picture 30 
sub-block which of the frequency components is con- 
tained in each I-picture sub-block being recorded in 
front of each I-picture sub-block, wherein the machine 
readable disk increases an efficiency of a machine 
reading the disk by recording digital image information 35 
using the above -stated format. 

10. The optical disk according to claim 9, which encoded 
I-picture data is allocated into a plurality of sub-blocks 
according to the horizontal and vertical frequencies, from 
the DC components to the high-frequency components, the 40 
frequency-divided I-picture data within the adjacent image 
information blocks in the adjacent tracks are disposed 
differently, and header or parity signal indicating which of 
the frequency components the content of each sub-block is 
for is recorded in front of each sub-block. 45 

11. The optical disk according to claim 9, wherein the 
order of data arrangement of I-, P- and B-picture data within 
an image information block is different at least between 
track-adjacent image information blocks. 

12. The optical disk according to claim 9, wherein iden- 50 
tification signal indicating whether the I-picture data is a 
screen-divided data, a frequency -divided data, or data 
divided by the numbers of pixels and lines is written at the 
head of each image information block. 

13. The optical disk according to claim 9, wherein the 55 
head positions of the digital image information blocks are 
aligned in the radial direction of the optical disk. 

14. A method of playing back from the optical disk 
according to claim 10, comprising the steps of: 

using an optical disk playback device comprising a track- 60 
ing actuator for tracking a scanning spot on a pre- 
defined track, a tracking control circuit, and a track 
jump circuit for performing jumping scanning, and 



repeating jumping operation on the basis of a header or 
parity signal recorded in front of each I-picture data to 
perform high-speed forward or reverse playback. 

15. A machine-readable optical disk storing digital image 
information in the form of a succession of blocks, compris- 
ing: 

each block including a plurality of frames having, in 
mixture, I-picture data forming image information 
obtained by intra-frame encoding, P-picture data 
obtained by encoding with forward motion 
compensation, and B-picture data obtained by encoding 
with motion compensation using said I- and/or 
P-picture data positioned in front and at the back 
thereof as references, 

the digital image information being divided into lower- 
layer data and upper-layer data wherein an image 
obtained by the lower- layer data alone has a resolution 
lower than a resolution of image data obtained from the 
combination of the upper-layer data and the lower-layer 
data, 

a header or parity signal for indicating whether lower- 
layer data or upper-layer data is recorded in front of 
each corresponding block, and 

the order of data arrangement of I-, P- and B-picture data 
within a block being different at least between track- 
adjacent blocks, wherein the machine readable disk 
increases an efficiency of a machine reading the disk by 
recording digital image information using the above- 
stated format. 

16. The optical disk according to claim 15, wherein 
identification signal indicting whether the I-picture data is a 
screen-divided data, a frequency-divided data, or data 
divided by the numbers of pixels and lines is written at the 
head of each image information block. 

17. A method of playing* back from the optical disk of 
claim 16, 

comprising the steps of: 
using an optical disk playback device comprising a 
tracking actuator for tracking a scanning spot on a 
predefined track, a tracking control circuit, and a 
track jump circuit for performing jumping scanning, 
and 

repeating jumping operation on the basis of an identi- 
fication signal written at the head of each image 
information block to perform high-speed forward or 
reverse playback. 

18. The optical disk according to claim 15, wherein the 
head positions of the digital image information blocks are 
aligned in the radial direction of the optical disk. 

19. A method of playing back from the optical disk 
according to claim 16 comprising the steps of: 

using an optical disk playback device comprising a track- 
ing actuator for tracking a scanning spot on a pre- 
defined track, a tracking control circuit, and a track 
jump circuit for performing jumping scanning, and 

repeating jumping operation on the basis of a header or 
parity signal recorded in front of each I-picture data to 
perform high-speed forward or reverse playback. 
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